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(g) Balanced rotor for a gas turbine engine.

(57 A balanced rotor (21) for a gas turbine engine
(10) comprises a disc (22) which carries an
annular array of aerofoil blades (23). Each of
said aerofoil blades (23) has a fir-tree root
portion (27) which locates in a corresponding
groove (28) in the disc (22). The blade root
portions (27) are retained axially by retention
plates (29) located in an annular array on the
rotor (21) adjacent the root portions (27). A
minority of the retention plates (29) are lighter
than the remainder. The lighter plates (29) are
so distributed around the rotor as to ensure the
balance of the rotor (21).
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This invention relates to a balanced rotor which
is suitable for use in a gas turbine engine.

Gas turbine engines commonly include an axial

flow turbine having at least one rotor which comprises
a disc, the radially outer periphery of which carries a s
plurality of aerofoil blades. Each aerofoil blade has a
root portion, often of fir-tree type cross-sectional
configuration, which locates in a correspondingly
shaped, axially extending slot provided in the disc
periphery. w

It is virtually impossible to ensure that such a ro-

tor is perfectly balanced without resorting to a balanc-
ing procedure in which small balance weights are at-

tached to the rotor. Conventionally, therefore, the bal-

ance weights are attached to a suitable support is
structure which is itself either attached to the disc or
is an integral part of the disc.

While the use of such balance weights is effec-
tive in achieving rotor balance, it does of course result
in the rotor being more expensive to manufacture and 2C

slightly heavier than it would otherwise be the case
were balancing not required.

It is an object of the present invention to provide
a balanced rotor for a gas turbine engine which avoids
these drawbacks. 25

According to the present invention, a balanced
rotor suitable for a gas turbine engine comprises a
disc carrying an annular array of radially extending
aerofoil blades on its periphery, each of said blades
having a root portion slidingly located in a corre- 30
spondingly shaped generally axially extending reten-
tion groove provided in said disc periphery, said rotor

additionally including a plurality of generally similar
retention plates so located thereon and attached
thereto as to provide axial retention of said aerofoil 35
blades on said disc, the majority of said plates being
substantially equal in weight to each other, each of
the remaining plates being of different weight to each
of said plates in the majority, said plates of different
weight being so distributed on said rotor as to ensure 40
its balance.

The present invention will now be described, by
way of example, with reference to the accompanying
drawings in which:

Fig 1 is a schematic sectioned side view of a duct- 45
ed fan gas turbine engine which incorporates a bal-
anced rotor in accordance with the present invention.

Fig 2 is a sectioned side view of a portion of a bal-
anced rotor in accordance with the present invention.

Fig 3 is a partially exploded view of a balanced so
rotor in accordance with the present invention.

Referring to Fig 1, a ducted fan gas turbine en-
gine generally indicated at 10 is of conventional con-
figuration. It comprises, in axial flow series, an air in-

let 11, a fan 12 contained within a duct 13, an inter- 55
mediate pressure compressor 14, a high pressure
compressor 15, combustion equipment 16, high, in-

termediate and low pressure turbines 17, 18 and 19

respectively and an exhaust nozzle 20. The turbines
1 9, 1 8 and 1 7 respectively drive the fan 12, intermedi-
ate pressure compressor 14 and high pressure com-
pressor 15 by concentric shafts extending along the
central axis of the engine 10.

Air drawn in through the air inlet 11 by the fan 12
is divided into two flows. The first flow is exhausted
from the fan duct 1 3 to provide propulsive thrust. The
second flow is directed into the intermediate pressure
compressor 14 where compression of the air takes
place. The air is then directed into the high pressure
compressor 15 where further compression of the air

takes place before it is directed into the combustion
equipment 16. There the air is mixed with fuel and the
mixture combusted. The resultant hot gaseous com-
bustion products then expand through, and thereby
drive, the high, intermediate and low pressure tur-

bines 17, 18 and 19 respectively. Finally, the combus-
tion products are exhausted through the nozzle 20 to

provide additional propulsive thrust.

The intermediate pressure turbine 18 includes a
rotor 21, part of which can be seen more clearly if ref-

erence is now made to Figs 2 and 3. The rotor 21 com-
prises a disc 22 which carries an annular array of si m-
ilar aerofoil blades 23. Each aerofoil blade 23 com-
prises an aerofoil portion 24 which is acted upon by
the gaseous flow through the intermediate pressure
turbine 18.

At the radially outer end of each aerofoil portion
24 there is provided a shroud 25. The shrouds 25 of

adjacent aerofoil blades abut each other so that they
cooperate to define an annular barrier to inhibit gas
leakage over the radially outer extents of the blades
23.

At the radially inner end of each aerofoil blade 23
there is provided a platform 26. The platforms 26 of
adjacent aerofoil blades cooperate to define an annu-
lar portion of the radially inner boundary of the gas-
eous flow through the intermediate pressure turbine
18.

Radially inwardly of each platform 26 there is pro-
vided a root 27 which is of the so-called fir-tree cross-
sect ion configuration. Each blade root 27 locates in

a correspondingly shaped axially extending retention
groove 28 provided in the periphery of the disc 22. A
step (not shown) provided at one end of each groove
28 prevents axial movement of the aerofoil blades 23
in one axial direction. Movement in the opposite direc-
tion is prevented by a plurality of generally similar cir-

cumferentially arcuate retention plates 29. The reten-
tion plates 29 are arranged in an annular array to cov-
er the ends of the blade roots 27. Each retention plate

29 is maintained in position on the disc 22 by its lo-

cation in grooves provided in the disc 22 and the
blade platforms 26. Specifically the radially inner
edge of each retention plate 29 locates in a radially

outwardly directed annular groove 30 provided in an
annular axially extending flange 31 on the disc 22.
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The radially outer edge of each retention plate 29 lo-

cates in a radially inwardly directed annular groove 32
defined by individual grooves in each blade platform
26.

The majority of the retention plates 29, for in- 5
stance 36, are planar and can be readily manoeuvred
into position in the grooves 30 and 32. This can be
achieved, for instance, by leaving out some of the ae-
rofoil blades 23 and sliding the retention plates 29
along the grooves 30 and 32. However the remainder 10
of the retention plates 29 cannot be so positioned
once all of the aerofoil blades 23 are correctly posi-
1 ioned.on.the disc 22. In order to circumvent this prob-
lem, the remaining retention plates 29, which may
amount to nine plates, are not flat but are of slightly 15
curved configuration as can be seen from the floating
plate 29 shown in Fig 3. This slight curving of these
retention plates 29 enables them to be positioned
with their radially inner and outer edges adjacent the
grooves 30 and 32. They are then flattened, by for in- 20
stance hammering, so that their radially inner and out-
er edges enter and are engaged within the grooves 30
and 32.

Each of the retention plates is approximately 3
cms wide radially and 5 cms long circumferentially. 25
Those retention plates 29 which are in the majority
are approximately 1.5 mm thick. However the reten-
tion plates 29 which are in the minority, that is the
slightly curved plates 29, are only 1 mm thick. They
are, therefore slightly lighter than the majority of the 30
retention plates 29. This feature of the thinner plates
29 is put to use in the balancing of the rotor 21.

After all of the thicker, fiat retention plates 29 and
all of the aerofoil blades 23 have been loaded on to
the disc 22, the whole assembly is put on a suitable 35
balancing machine. The slightly thinner retention
plates 29 are then temporarily positioned on the disc
22, by for instance the use of adhesive tape. Balanc-
ing is then carried out; the retention plates 29 being
moved around the disc 22 periphery until balance is 40
achieved. The slightly thinner retention plates 29 are
then fixed in their appropriate positions by being flat-

tened as described earlier.

Although the retention plates 29 in the minority
have been described as being slightly thinner than 45
the remainder, it will be appreciated that this need not
necessarily be the only way of achieving weight vari-
ation in the plates 29. Thus other material or config-

urational changes could be utilised. Moreover the re-
tention plates 29 in the minority could be heavier, not 50
lighter than the remaining plates 29.

The important fature of the retention plates 29
in the minority is that they should be of different
weight to the majority of the retention plates 29 to per-
mit the achievement of balance. 55

It will be seen therefore that the present invention
i

provides a balanced rotor 21 without the need for the
disc 22 to be adapted to carry dedicated balance

weights. Such adaptation increases manufacturing
costs and adds undesirable weight to the whole rotor

assembly 21.

Although the present invention has been descri-
bed with reference to an intermediate pressure tur-

bine rotor assembly 21, it will be appreciated that it

may also be applied to other turbine rotor assemblies
or indeed compressor rotor assemblies.

Claims

A balahced "rotor (21) suitable for a gas turbine

engine (10) comprising a disc (22) carrying an
annular array of radially extending aerofoil

blades (23) on its periphery, each of said blades

(23) having a root portion (27) slidingly located in

a correspondingly shaped, generally axially ex-
tending retention groove (28) provided in said
disc (22) periphery, said rotor (21) additionally in-

cluding a plurality of generally similar retention

plates (29) so located thereon and attached
thereto as to provide axial retention of said aero-
foil blades (23) on said disc (22), characterised in

that the majority of said plates (29) are substan-
tially equal in weight to each other, each of the re-

maining plates (29) being of different weight to

each of said plates (29) in the majority, said
plates (29) of different weight being so distributed

on said rotor (21) as to ensure its balance.

2. A balanced rotor (21) as claimed in claim 1 char-
acterised in that each of said retention plates (29)
in the minority is lighter than each of said reten-
tion plates (29) in the majority.

3. A balanced rotor as claimed in claim 2 character-
ised in that each of said retention plates (29) in

the minority is thinner than each of said retention

plates (29) in the majority in order to ensure that
each of said retention plates (29) in the minority
is lighter than each of said retention plates (29) in

the majority.

4. A balanced rotor as claimed in any one preceding
claim characterised in that said retention plates

(29) are disposed in an annular array on said rotor

(21).

5. A balanced rotor as claimed in any one preceding
claim characterised in that said retention plates

(29) are located in radially directed grooves
(30,32) defined in said disc and each of said ae-
rofoil blades (23).

6. A balanced rotor as claimed in claim 5 character-
ised in that each of said a rofoil blades (23) is

provided with a platform (26) adjacent to and ra-
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dially outwardly of its root portion (27), said radi-

ally directed grooves (32) (30,32) in each of said
blades (23) being provided in their platforms (26).

7. A balanced rotor (23) as claimed in claim 5 or 5
claim 6 characterised in that said radially directed

grooves (30,32) are annular about the longitudi-

nal axis of said rotor.

8. A balanced rotor as claimed in claim 7 character- 10
ised in that said retention plates (29) in the minor-
ity are so configured as to be inserted in said an-
nular-grooves (30,32) after said retention plates

(29) in the majority have been so inserted.

9. A balanced rotor as claimed in claim 8 character-
ised in that said retention plates (29) in the minor-
ity are initially curved to permit their insertion into

said annular grooves (30,32).

10. A balanced rotor as claimed in any one preceding
claim characterised in that each of said retention
plates (29) in situ is generally planar and circum-
ferentially arcuate.

11. A balanced rotor as claimed in anyone preceding
claim characterised in that each of said Wade root

portions (27) is of fir-tree configuration.
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